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Foreword

The Washington State Department of Health (DOH) has prepared this health consultation in
cooperation with the Agency for Toxic Substances and Disease Registry (ATSDR). ATSDR is
part of the U.S. Department of Health and Human Services and is the principal federal public
health agency responsible for health issues related to hazardous waste. This health consultation
was prepared in accordance with methodologies and guidelines developed by ATSDR.

The purpose of this health consultation is to identify and prevent harmful human health effects
resulting from exposure to hazardous substances in the environment. The health consultation
allows DOH to respond quickly to a request from concerned residents for health information on
hazardous substances. It provides advice on specific public health issues. DOH evaluates
sampling data collected from a hazardous waste site, determines whether exposures have
occurred or could occur, reports any potential harmful effects, and recommends actions to
protect public health.

For additional information or questions regarding DOH, ATSDR or the contents of this health
consultation, please call the Health Advisor who prepared this document:

Robert Duff

Toxicologist

Washington State Department of Health

Office of Environmental Health Assessments

P.O. Box 47846

Olympia, WA 98504-7846

Phone: 1-877-485-7316

Fax: (360) 236-3383

email: robert.duff@doh.wa.gov

office web page: http://www.doh.wa.gov/ehp/oehas/default.ntm
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Glossary

The principal federal public health agency involved with hazardous waste issues,
responsible for preventing or reducing the harmful effects of exposure to hazardous
substances on human health and quality of life. ATSDR is part of the U.S.
Department of Health and Human Services.

Any substance that can cause or contribute to the production of cancer.
A long period of time. A chronic exposure is one that lasts for a year or longer.

Any chemical that exists in the environment or living organisms that is not normally
found there.

A dose is the amount of a substance that gets into the body through ingestion, skin
absorption or inhalation. It is calculated per kilogram of body weight per day.

The study of the occurrence and causes of health effects in human populations. An
epidemiological study often compares two groups of people who are alike except for
one factor, such as exposure to a chemical or the presence of a health effect. The
investigators try to determine if any factor (i.e., age, sex, occupation, economic
status) is associated with the health effect.

Contact with a chemical by swallowing, by breathing, or by direct contact (such as
through the skin or eyes). Exposure may be short-term (acute) or long-term
(chronic).

Any material that poses a threat to public health and/or the environment. Typical
hazardous substances are materials that are toxic, corrosive, ignitable, explosive, or
chemically reactive.

Sites for which no conclusions about public health hazard can be made because data
are lacking.

The amount of an environmental medium that could be ingested typically on a daily
basis. Units for IR are usually liter/day for water, and mg/day for soil.

An amount of chemical that gets into the body (i.e. dose) below which health effects
are not expected. MRLs are derived by ATSDR for acute, intermediate, and chronic
duration exposures by the inhalation and oral routes. Chronic oral MRLs are similar
to EPA’s oral reference doses (RfDs).

An estimate (with uncertainty spanning perhaps an order of magnitude) of a daily
oral exposure to the human population (including sensitive subgroups) that is likely
to be without an appreciable risk of deleterious effects during a lifetime. RfDs are
published by EPA and are given in milligrams of chemical per kilogram body
weight per day (mg/kg-day).



Parts per billion
(ppb)/Parts per million

(ppm)

Risk

Route of exposure

U.S. Environmental
Protection Agency
(EPA)

Units commonly used to express low concentrations of contaminants. For example,
1 ounce of trichloroethylene (TCE) in 1 million ounces of water is 1 ppm. 1 ounce
of TCE in 1 billion ounces of water is 1 ppb. If one drop of TCE is mixed in a
competition size swimming pool, the water will contain about 1 ppb of TCE.

The probability that something will cause injury, linked with the potential severity
of that injury. Risk is usually indicated by how many extra cancers may appear in a
group of people who are exposed to a particular substance at a given concentration,
in a particular pathway, and for a specified period of time. For example, a 1%, or 1
in 100 risk indicates that for 100 people who may be exposed, 1 person may
experience cancer as a result of the exposure.

The way in which a person my contact a chemical substance that includes ingestion,
skin contact and breathing.

Established in 1970 to bring together parts of various government agencies involved
with the control of pollution.



Background and Statement of Issues

The Washington State Department of Health (DOH) was asked to review and evaluate health
risks that may result from the exposure to polychlorinated biphenyls (PCBs) through
consumption of Spokane River fish. The Spokane Regional Health District (SRHD) issued
notices in 1994 and 1995 advising fishing enthusiasts that PCB concentrations in Spokane River
fish were of concern. This consultation is in response to newly acquired data, which provides for
a more comprehensive evaluation of potential risk due to the consumption of fish from the
Spokane River. To conduct this evaluation, DOH worked jointly with the Washington State
Department of Ecology (Ecology) and SRHD. DOH prepares health consultations under a
cooperative agreement with the Agency for Toxic Substance and Disease Registry (ATSDR).

Polychlorinated Biphenyls (PCBs)

PCBs are a group of human-made chlorinated organic chemicals that were first introduced into
commercial use in 1929 as insulating fluids for electric transformers and capacitors. Other
applications were soon developed that included their use in hydraulic fluids, paint additives,
plasticizers, adhesives, and fire retardants. Production of PCBs in the United States stopped in
1977 following concerns over toxicity and persistence in the environment.™

There are 209 structural variations of PCBs called congeners that vary by the number and
location of chlorine atoms on the base structure. In the Untied States, PCBs were produced by
the Monsanto Company and given the trade name, Aroclor. Aroclors are various mixtures of
congeners defined by a four-digit number. The first two digits represent the number of carbon
atoms (12) while the second two digits give the percent chlorine by weight for the congeners in
that mixture.? In general, PCB persistence and toxicity increases with the degree of chlorination
in the mixture.

Environmental Sampling

In 1990, Ecology sampled fish and sediment in the Spokane River Arm of Lake Roosevelt.
Results showed that PCBs were above levels found in other rivers and lakes throughout the state.
Further sampling of fish and sediment from the upper Spokane River in 1993, 1994 and 1996
also showed elevated levels of PCBs. The largest sources of PCBs are located between the
Washington/Idaho state line and Upriver Dam (see Appendix A, Figure 1).3*° These findings
promgted SRHD to issue statements of caution regarding the consumption of fish taken from the
river.

Many of the fish and sediment samples collected from the Spokane River were also found to
contain elevated levels of lead. This finding recently prompted SRHD to issue a fish advisory for
the upper Spokane River.” Mining operations in the Coeur d’Alene Basin are thought to be
responsible for elevated levels of metals that have been found in Spokane River fish and
sediment.®

Ecology and the United States Geological Survey (USGS) conducted more recent sampling and
analysis for PCBs in Spokane River fish during July and October 1999.% Sampling sites ranged

& Aroclor-1016 does not follow this naming convention.



from just west of Washington/lIdaho state line near Aroc] PCB

river mile 96, down river to the Seven Mile Bridge Different methods are used to detect PCBS i
area at river mile 63 (Figure 1). Table 1 below fish. The results presented here, as total PCBs,
summarizes the results of this analysis. Total PCB are the sum of three different mixtures of PCBs
concentrations represent the sum of Aroclors-1248, called Aroclor-1248, -1254 and -1260, which
-1254 and -1260. Both fillet and whole fish samples are fomm?r_"%,f‘?‘é“dl'” fish. More Spef'f'c
were analyzed. Fillet samples represent individual ngfgfr'ﬁ o to p'rvo'visz o e of dioxin toxic
fish while whole fish samples are composites of five equivalents (TEQ) (see Appendix C).

individuals.

Table 1. Total PCB concentrations in 1999 Spokane River fish samples (ppb, wet weight)

Result
Location Species Tissue® | Samples | Mean | 95-ucL | Maximum
. Large scale suckers | Whole 1 - - 120
WA/ID state line ; Fillet 5 101 230 342
(River mile 96) ] Whole 1 i _ 77
Rainbow trout Fillet 5 108 122 133
Whole 1 - - 283
Large scale suckers g/, 7 5 1480 182 215
Plante Ferry Park Whole 1 755
Ri ile 85 i - . .
(River mile 85) Rainbow trout Fillet 5 880 1312 1610
Crayfish Whole 1 - - 22.5
Large scale suckers Whole 1 _ . 445
Fillet 5 192 314 429
Greene Street Rainbow trout W_hole 1 _ _ 362
. . Fillet 5 226 314 398
(River mile 77)
Mountain whitefish Whole 1 ~ — 397
Fillet 5 339 402 478
Crayfish® Whole 1 - - 20.6
Large scale suckers Whole 1 ~ - 680
Fillet 5 146.9
. b Whole 1 - - 221
Seven Mile Bridge Rainbow trout Fillet 5 146 239 363
(River mile 63) Rainbow trout Fillet 2 135
. o Whole 1 - - 930
Mountain whitefish =7 5 642 1302 1880
Crayfish Whole 1 - - 22.5
ppb = parts per billion. 95-UCL = 95 percent upper confidence limit on the mean.

a = Whole body samples are composites of 5 fish, fillets are individual fish. Results of whole body composites
are given as maximums.

b = Crayfish sample taken near Trent Avenue Bridge.

¢ = Denotes hatchery raised rainbow trout. All other trout samples are from wild fish.

NOTE: Values in italics represent one-half the detection limit for samples in which no Aroclors were detected.

PCB Toxic Equivalents (PCB-TEQS)

Some PCB congeners have a structure and biological activity that is similar to dioxin. Toxic
equivalency factors (TEFs) are used to account for the potential of these congeners to exert
dioxin-like toxicity. TEFs are available for 12 dioxin-like PCB congeners.’ Each congener is



multiplied by its TEF to give the dioxin toxic equivalent value (TEQ). The TEQs for each
congener are then summed to give the overall PCB-TEQ. TEFs for each congener are based on
the toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin.

PCB-TEQ data for Spokane River fish was difficult to interpret quantitatively because of limited
sample numbers and high detection limits. A qualitative analysis of the data and its limitations is
given in Appendix C.

Historical Data

A comparison of four common locations that were sampled in 1993, 1994 and 1996 indicates a
decline in the PCB levels of Spokane River fish. However, this trend was not consistent for each
species of fish at every location and is not considered a strong trend when results of recent
sampling are considered.>® This trend is also suspect based on the significantly lower levels of
PCB found in 1994 versus 1993 samples. PCB levels in fish are not expected to drop measurably
in one year regardless of source remediation.’® Comparison of historical data with 1999 samples
is complicated by the different locations chosen for this most recent sampling.

The 1999 data was chosen as the best data set for quantitative assessment. The 1999 sampling
was more comprehensive than past years in terms of total samples, sample type and number of
locations.

Discussion

In order to relate our knowledge of PCB toxicity to exposure associated with eating Spokane
River fish, we must first assess the nature and extent of that exposure. Several assumptions must
be made in order to estimate the PCB dose associated with eating Spokane River fish. These
assumptions are based on the characteristics of the exposed population. Exposure parameters and
equations used to calculate health risks are provided in Appendix B. The potential for adverse
health impacts is then evaluated using health benchmark values available for the assessment of
non-cancer and cancer endpoints.

The following discussion provides the health risk evaluation for populations of concern who
consume fish from the Spokane River. A discussion of fish eating characteristics for populations
of concern is followed by non-cancer and cancer health evaluations. Health risks are stratified by
species of fish, meal preparation (i.e., whole versus fillet) and by toxic endpoint (i.e., non-cancer
versus cancer). Finally, a comparison is made between the risks associated with consuming
PCBs in Spokane River fish versus those associated with background levels of PCBs in
Washington State freshwater fish.

Populations of Concern

It is important to define the fish eating characteristics for populations of concern in order to make
good assumptions regarding the amount and frequency of fish consumption (i.e., fish ingestion
rate). Recreational anglers are the primary users of the Spokane River above the Long Lake
Reservoir Dam. A significant Native American population that fishes the upper river has not



been identified and no tribal lands border the river between Long Lake and the Idaho state line.
SRHD identified populations that frequently fish this area in a recent survey.'* Populations that
eat fish from the Spokane River include sport fishermen as well as various ethnic groups that
supplement meals with fish from the river. Table 2 below gives fish consumption characteristics
for those populations examined in the SRHD survey. As shown, most of the fishing in the
Spokane River occurs below Seven Mile Bridge and is, therefore, outside of the sampling area
considered in this assessment.

Table 2. Characteristics of populations that eat fish from the Spokane River, Washington

Fishing Types of Fish Common Fish Consumption
Population Locations Consumed Preparation Rates
Recreational . .
(Fish License downst_ream .Of walleye, perch, trout skinned f'”.Ets or gutted 1-20 fish per year
Seven Mile Bridge fish
Holders)
Recreational downstream of
(Walleye Club . . walleye, trout fillets or gutted fish NA
Seven Mile Bridge
Members)
Russian nearest to Greene trout. cravfish cutlets, ground (after
. Street & Plantes » CTaymish, removal of head and 2 meals per month
Community suckers ; L .
Ferry Park spine), pickling, drying
Laotian downstream of trout, perch, bass, NA 2-3 meals per month
Community | Seven Mile Bridge | walleye, crayfish P

NA-= data not available

The following health risk evaluation is based on exposure of recreational consumers. Although
the local SRHD study was useful in identifying populations of concern, two studies of nearby
Lake Roosevelt anglers were used as the basis for quantitative estimates of ingestion rates.*?*3
The average and high-end fish ingestion rates used for this consumer group are 42 and 90
grams/day (g/day), respectively. As noted above, recreational fishers are the main population of
concern for consumption of fish from the Spokane River. The use of the Lake Roosevelt data is
considered to be protective of both the general population and high-end recreational consumers.
However, some consumer groups, such as Russians and subsistence Native American consumers,
could eat more fish than is estimated in this evaluation. A more complete discussion of fish
consumption patterns among various groups who fish the Spokane River is given in Appendix C.

Non-cancer Risk Evaluation

Minimal Risk Level (MRL)

In order to evaluate the potential for non-cancer Different methods are used to select the
adverse health effects that might result from exposure toxic effect levels from which MRLs
to PCBs in Spokane River fish, average and high-end are derived. The most common method
doses were estimated for a recreational consumer. is to use a lowest-observed adverse
These estimated doses were then compared to minimal ggf\fg:sf\éfe]!e(clhoeﬁs"(%\Icgzggoﬁsﬁewed
risk level (MRL). MRLs are doses below which non- MRL. for PCBs is derived from a
cancer adverse health effects are not expected to occur LOAEL based on immune system

(so called “safe” doses).? They are derived from toxic effects seen in monkeys fed Aroclor-
effect levels obtained from human population and 1254 in their diets.

laboratory animal studies. This toxic effect level is



divided by “safety factors” to give the lower, more protective MRL. A dose that exceeds the
MRL indicates only the potential for adverse health effects. The magnitude of this potential can
be inferred from the degree to which this value is exceeded by the exposure dose. If the
estimated exposure dose is only slightly above the MRL, then that dose will fall well below the
toxic effect level. The higher the estimated dose is above the MRL, the closer it will be to the
toxic effect level.

Doses calculated for average and high-end recreational consumers of Spokane River fish exceed
the MRL for each fish species. The MRL is based on a lowest-observed adverse effect level
(LOAEL) of 0.005 mg/kg-day where immune system changes were seen in monkeys exposed to
Aroclor-1254 in their diet. This LOAEL was divided by an uncertainty factor of 300 to give an
MRL of 0.00002 mg/kg-day.2® The amount by which the MRL is exceeded by the exposure dose
ranged from 4 to 50. Therefore, the maximum exposure dose calculated is 5-fold below the
LOAEL. The fact that high-end exposures approach the LOAEL for immune system effects to
within an order of magnitude indicates that a population at risk does exist for this health
endpoint. Table 3 below provides the dose/MRL ratio (also known as the hazard quotient)
calculated for average and high-end consumers of fish fillets for different species. Further
stratification of these ratios, by sample location and sample type (i.e., fillet versus whole), is
provided in Appendix B, Table B3.

Table 3. Polychlorinated biphenyl (PCB) dose/MRL ratios for recreational consumers of Spokane
River fish fillets caught between the Washington/Idaho state line and Seven Mile Bridge

Consumer Group
Average High-end
) . Dose Dose
Fish Species (mg/kg-day) |Dose/MRL ?|  (mg/kg-day) |Dose/MRL
Rainbow trout 0.00019 10 0.00063 30
Large scale suckers 0.00009 4 0.00025 12
Mountain whitefish 0.00029 15 0.0012 61

a = This is the exposure dose divided by the MRL and is also known as the hazard quotient.
MRL = minimal risk level = 0.00002 mg/kg/day.

Liver toxicity has been demonstrated in animals given high doses of PCBs.' Liver toxicity and
developmental effects are also well documented in residents of Taiwan and Japan exposed to
relatively high levels of PCBs through ingestion of contaminated rice oil. However, the
association of these effects with PCB exposure is complicated by concurrent exposure to
chlorinated dibenzofurans.?

While the “rice oil” incidents in Taiwan and Japan provide good evidence of PCB toxicity in
humans, recent studies demonstrate that developmental effects can occur at lower levels of PCB
exposure. Deficits in neurobehavioral function in children exposed in utero represent the most

® EPA provides an oral reference dose (RfD) for PCBs that is equivalent to and based on the same study as the MRL.
RfDs have essentially the same definition as MRLs but the two are not always equivalent.”* ATSDR recently
completed an update of the PCB MRL and did not change it.



compelling evidence that environmental exposure to PCBs have caused adverse health effects in
humans. Studies of various human populations exposed to PCBs, primarily through the ingestion
of fish, have demonstrated deficits in neurobehavioral function. Learning deficits were
maintained in the children of one Lake Michigan fish-eating cohort through 11 years of age.
Animal stg(ljsies have also shown adverse effects on development following pre-natal exposure of
the fetus.

Thyroid dysfunction has also been associated with PCB exposure. Several in vitro and animal
studies have shown a reduction in thyroid hormone (thyroxine) levels in response to PCB
exposure.’®"1® A study in rats exposed in utero to PCBs found hearing deficits concurrent with
decreasing thyroxine levels.* This finding suggests that interference with thyroxine levels could
be a mechanism for the developmental effects associated with children exposed to PCBs prior to
birth. The potential for PCBs to disrupt hormone function, including the endocrine system, has
been suggested as a mechanism for the reproductive effects of PCBs seen in animals. Some
human epidemiological studies provide support for the reproductive toxicity of PCBs including
effects on menstrual cycles in women and male fertility. >**

ATSDR has recently reviewed their MRL considering the more recent human developmental
studies discussed above. This review concluded that immune system effects seen in monkeys still
represent the most sensitive toxic endpoint of PCB exposure. Further, ATSDR concluded that the
existing MRL based on this endpoint should not change and would be protective of the
developmental effects found in the more recent human epidemiological studies discussed above.?
DOH is currently evaluating the available literature to determine the most appropriate health
comparison value for PCB exposure.

Cancer Risk Evaluation

PCBs are classified as a Group B2 probable human carcinogen by EPA based on sufficient
evidence of cancer in animals and inadequate evidence in humans.*® Cancer risk estimates
assume long-term exposure (i.e., 30 years) averaged over a 70-year lifetime. This average daily
dose is then multiplied by a measure of toxicity, the cancer potency factor (or slope factor) to
produce an estimate of carcinogenic risk.

Some cancer potency factors are derived from human population data; others are derived from
laboratory animal studies involving doses much higher than are encountered in the environment.
Use of animal data require extrapolation of the cancer potency obtained from these high dose
studies down to real-world exposures. This process involves much uncertainty. Current thinking
suggests that there is no “safe dose” of a carcinogen and that a very small dose of a carcinogen
will give a very small cancer risk. Cancer risk estimates are, therefore, not yes/no answers but
measures of chance (probability). The validity of the “no safe dose” assumption for cancer-
causing chemicals is not clear. Some evidence suggests that certain chemicals considered to be
carcinogenic must exceed a threshold of tolerance before initiating cancer. Despite the associated
uncertainty, cancer risk estimates are useful in determining the magnitude of a cancer threat.

Table 4 below provides cancer risk estimates for average and high-end consumers of Spokane
River fish. Estimates ranged from 8 cancers per 100,000 persons exposed to 1 cancer per 1,000
persons exposed based on the potencies developed for Aroclors-1254 and 1260.%° Further



stratification of cancer risk by sample location and sample type (i.e., fillet versus whole) is
provided in Appendix B, Tables B4.

Table 4. Polychlorinated biphenyl (PCB) cancer risks for recreational consumers of Spokane
River fish fillets caught between the Washington/lIdaho state line and Seven Mile Bridge

Consumer Group
Fish Species Average | High-end
Rainbow trout 2E-04 5E-04
Large scale suckers 8E-05 2E-04
Mountain whitefish 3E-04 1E-03

While high dose animal studies demonstrate that PCBs can cause liver tumors in rats, evidence
that PCBs can cause cancer in humans is conflicting. Some studies have linked human exposure
to organochlorines with breast cancer while other studies have found no association.
2122,23.242526.21 Other studies suggest a link between PCB exposure in humans and non-Hodgkin’s
lymphoma (NHL) based on higher PCB blood serum levels in NHL patients versus controls.?®2°
One recent analysis of a large cohort of workers exposed while manufacturing PCB containing
transformers showed no increase in mortality despite high PCB blood serum levels.® The
previously mentioned rice oil-poisoning incident in Taiwan did not reveal elevations in cancer
mortality.** However, an examination of residents similarly exposed in Japan did show an
increase in mortality from liver cancer.®

Health Risk Comparison with Background

The widespread presence of PCBs in fish throughout the United States and the world suggests
that health risks associated with consumption of Spokane River fish be compared with an
estimate of background risk.” The degree by which PCB concentrations in Spokane River fish
exceed background is a useful consideration in determining public health actions.

Studies are available with which to estimate background PCB (Aroclor) levels in Washington
State for comparison to Spokane River fish. However, developing precise estimates is
complicated by differences in these studies that make comparisons difficult. In addition, the
suitability of some data for human health risk assessment is compromised in that many of the
analyses used whole body rather than fillet sample preparations.

A background range of 13 - 83 parts per billion (ppb) Aroclor (or total PCBs) in Washington
State fish can be extracted from this data. Table 4 below summarizes data considered in
estimating background levels of Aroclors in Washington State freshwater fish. Each of the
potential sources of background data given in Table 5 below is discussed in Appendix E.



Table 5. Background concentrations of PCBs in fish tissue (ppb wet weight)

| Source | Sample Type | Concentration Range |
Analytical Limits - 6-50
Washington State Department of Ecology Fillet (rainbow trout) 13.3 (mean)
EPA Chemical Residues in Fish Tissue NA 46.5 (mean)
Northern Rockies Intermontaine Basin (NRIB) Whole body 50-83

NA = Not available

The Ecology mean PCB level of 13.3 ppb in rainbow trout fillets was determined to be the best
background value for comparison purposes. Rainbow trout fillets represent a popular target of
anglers and comprise a subset of the Spokane River fish data. Table 6 below compares PCB
background levels and risks with those associated with eating Spokane River fish. Exposure
assumptions used for this comparison were for the average fish consumer.

Table 6. Health risk comparison for PCBs in
Spokane River rainbow trout fillets versus background

_ _ Concentration Cancer
Rainbow Trout Fillets (ppb) Dose/MRL | Risk
Spokane River 321.3 10 2E-4
Background 13.3 0.4 7E-6
Ratio: Spokane River/Background ? 25

ppb = parts per billion or ug/kg (micrograms PCB per kilogram fish), wet weight
a = Rounding will vary ratio. Mean concentrations and average ingestion rates were used for this
comparison. See Table B1 for complete list of exposure assumptions.

The background comparison given above in Table 6 shows that rainbow trout from the Spokane
River have 25-fold higher levels of PCBs than the trout from more pristine fresh water bodies in
Washington State (i.e., low end of background).

This background comparison also illustrates that Spokane River fish have been impacted by a
source of PCBs that is not universally affecting freshwater bodies throughout the state. It is clear,
however, that other freshwater bodies in the region, with no known source, have higher levels of
PCBs in fish. This fact is demonstrated by the relatively high PCB levels measured in fish taken
from the Flathead River and Flathead Lake, Montana (see Appendix E).

Allowable Fish Consumption Rates

The local fish consumption survey discussed above identified several consumer groups that use
the Spokane River for recreational fishing.!! The risk evaluation based on exposure of these
groups to PCBs in Spokane River fish indicates that recreational fishers are at risk for both non-
cancer and cancer toxicity endpoints depending upon their consumption rate. Because a
population at risk exists, limits on fish consumption must be considered in order to protect the
health of Spokane River fish consumers.

Consumption rates were calculated for both average and high-end estimates of concentration for
each species using Equation 1 in conjunction with the MRL as the target risk value and the



exposure parameters provided in Appendix B, Table B1. Table 7 below provides fish
consumption rates that would be protective of people who eat fish from the Spokane River. The
concentration term was generated using two subsets of the data split at Upriver Dam. For
comparison, limits are also shown using Plante Ferry data alone.

Allowable Consumption Limit (g/day) = BW X AT non-cancer X MRL
CxCF;xCF,xEF XED

Equation 1

Table 7. Allowable fillet consumption limits for consumers of various fish species
caught from the Spokane River between WA/ID state line and Seven Mile Bridge

PCB Allowable Allowable
Concentration | Ingestion Rate |8 ounce meals
) ) (ppb) (grams/day) per year
Fish SpeCIES Average | High-end ® | Average | High-end | Average High-end
Plante Ferry Park
Rainbow trout 880 1312 1.6 1.1 2.6 1.7
Large scale suckers 148 182 9.5 7.7 15.2 12.4
Mountain whitefish NA NA NA NA NA NA
Above Upriver Dam to the WA/ID State Line °
Rainbow trout 494 887 2.8 1.6 4.6 2.5
Large scale suckers 125 189 11.2 7.4 18.1 11.9
Mountain whitefish NA NA NA NA NA NA
Below Upriver Dam to the Seven Mile Bridge ©
Rainbow trout 177 242 7.9 5.8 12.7 9.3
Large scale suckers 170 244 8.3 5.7 13.3 9.2
Mountain whitefish 491 943 2.9 1.5 4.6 2.4

a = 95 percent upper confidence limit on the mean.
b = Includes Plante Ferry and the state line sampling locations.
¢ = Includes Greene Street and Seven Mile Bridge sampling locations.

The fillet meal limits proposed in Table 7 are considered to be protective of all fish consumers. A
recent review by ATSDR indicates that the MRL is protective of both the immune system and
the developing fetus.” However, the strength of the epidemiological evidence associating
developmental effects with in utero exposure indicates that meal limits should be emphasized for
pregnant women and women considering pregnancy.

It should be noted that these limits are based on fillet consumption. Higher levels of lead in
whole fish samples across the three species as well as higher PCB levels in whole large scale
sucker samples indicate that fillet preparation of meals can reduce exposure. Children, age six
years or younger, have been previously advised not to consume meals made from whole Spokane
River fish due to elevated lead levels.” Considering this data and that most consumers of Spokane
River fish prepare their meals as fillets, meal limits were calculated assuming preparation as
fillets.

Examination of the data by location revealed significant levels of PCBs in rainbow trout taken at
Plante Ferry Park that were higher than PCB levels found in trout at other sampling locations.
The relatively high PCB levels in trout taken from Plante Ferry translates into a limit of two or



three meals per year. Combining Plante Ferry with the state line data gives a slightly higher trout
consumption limit at three to five meals per year. The lack of a sampling point between Plante
Ferry Park and the state line presents some difficulty in determining the levels of PCBs in fish
caught upstream of Plante Ferry. The migration patterns of fish from Plante Ferry are not known
but could extend several miles upstream. In addition, rainbow trout caught above Upriver Dam
are likely to be larger, wild fish since no stocking occurs above this dam.®* ¢ PCB levels
generally increase with the size of the fish.** Because of potential migration of trout from Plante
Ferry, a health protective decision was made to use the higher Plante Ferry data with which to
calculate a fish consumption limit covering the area of the river from Plante Ferry to the state
line.

It is clear that consumption of rainbow trout above Upriver Dam will result in a higher dose of
PCBs than from trout below the dam. The dam likely serves as a barrier for downstream fish
migration and is a known area of PCB sediment contamination. No mountain whitefish were
caught for analysis above Upriver Dam. The relatively high levels of PCBs in mountain
whitefish below Upriver Dam give cause for concern about the levels that might be found above
the dam where discharge of PCBs and sediment contamination has been identified. Exposure to
PCBs in fish could be significantly reduced if Plante Ferry Park is avoided as a fishing location.
However, more data are needed to determine PCB levels in fish between Plante Ferry and the
state line.

Other issues related to the Spokane River

The local fish consumption survey conducted by the SRHD indicates that the most common
fishing locations on the Spokane River are between the Monroe Street Bridge and Spokane Arm
of Lake Roosevelt. PCB levels in fish sampled in 1993 and 1994 from Long Lake appear to be
lower than the levels found in fish above Nine Mile Dam (see Figure 1). Long Lake was not,
however, sampled in 1996 or1999 and direct comparisons are difficult because of species
differences.

Limited sampling in 1994 indicate that methyl mercury (MeHg) levels are elevated in walleye
taken from the Spokane Arm of Lake Roosevelt Lake while other species do not appear to be
accumulating MeHg to any significant extent.>® These data are not evaluated in this report. It is
important to note that DOH has an existing advisory for Lake Roosevelt limiting fish
consumption to 20 meals per month based on dioxin and furan contamination. In addition,
DOH has a consumption advisory based on MeHg in walleye that recommends limiting
consumption to: 8 meals per month for adults, 4 meals per month for pregnant women and
women in childbearing years and 1/3 pound per month for children under 6 years of age.*’

Crayfish from the Spokane River are consumed according to the local survey mentioned
previously and discussed in Appendix D. Although sample data and consumption pattern
information for crayfish are limited, PCB levels have consistently been below detection
suggesting that crayfish consumption is not of health concern.

Chemical Exposure and Children

¢ Idaho does stock cutthroat and brown trout near the Post Falls area.
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Children can be uniquely vulnerable to the hazardous effects of many environmental toxicants.
Children six years of age and under are of primary concern when evaluating exposure to lead.
The previous advisory issued for Spokane River fish recommended that children in this age
group not consume whole fish meals because of the elevated levels of lead found in whole fish
samples versus fillets. While the meal limits calculated in Table 7 are more restrictive than those
calculated for the lead advisory, it is important for children age six and under to avoid whole fish
meals. In order to encompass the protective approach taken in the previous advisory, young
children should eat only fillets of Spokane River fish.

The developing fetus is clearly sensitive to PCB exposure. Evidence also exists to indicate that
lead can exert development effects that are consistent with those associated PCBs. The
developing fetus must, therefore, be considered when addressing health hazards posed by
exposure to lead and PCBs. Although the MRL is based on immune system effects, it represents
the most sensitive endpoint of PCB toxicity. Therefore, use of the PCB MRL to calculate meal
limits is considered protective of both the developing fetus and the general population.

Benefits of Fish Consumption

It is important to consider the very real benefits of eating fish. Fish is an excellent source of
protein and has been associated with reduced risk of coronary heart disease. The health benefits
of eating fish have been associated with low levels of saturated versus unsaturated fats. Saturated
fats are linked with increased cholesterol levels and risk of heart disease while unsaturated fats
(e.g., omega-3 polyunsaturated fatty acid) are an essential nutrient. Fish also provide a good
source of some vitamins and minerals.*®**® The American Heart Association recommends two
servings of fish per week as part of a healthy diet.*’

The health benefits of eating fish deserve particular consideration when dealing with subsistence
consuming populations. Removal of fish from the diet of subsistence consumers can have serious
health, social and economic consequences that must be considered when issuing fish
advisories.*® No subsistence consuming populations that fish the Spokane River from the state
line to Seven Mile Bridge were identified in this assessment.

The limits recommended in Table 7 for this part of the Spokane River are not expected to
significantly impact fish consumption for sport fishers living in the Spokane area. As noted
above, the most popular sport fishing locations are Long Lake and the Spokane River arm of
Lake Roosevelt. Limited information from the SRHD survey indicate that the Russian
community living in the Spokane area does fish the area of the river that is of concern. The
recommended consumption limits could impact the amount of fish consumed by this group.
Quantitative methods are available for assessing the overall health impact of fish consumption
that offset risks and benefits to give an index of the net health impact.***! These methods are
beyond the scope of this assessment but should be considered in future evaluations.

Uncertainties associated with meal limits

It is important to note that the limits in Table 7 are based on an average adult weighing 70
kilograms who consumes eight ounces of fish per meal. Lake Roosevelt anglers reported eating
about 11.3 ounces per meal while EPA estimates a mean intake for the general population of 129
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grams per meal or 4.6 ounces.**? An eight-ounce meal size was chosen as an easily identifiable
size (i.e., one-half pound) that is within this range.

Applying the Table 7 meal limits across the general population assumes that meal size will
decrease proportionately with body weight. Such an assumption could result in an underestimate
of exposure for consumers who eat proportionately more fish per unit of body weight. Table 8
demonstrates how an eight-ounce meal for a 70-kilogram adult would change to remain
proportional with body weight.

Table 8. Fish meal size adjusted for body weight ®

Body Body Body Weight Adjusted
Weight (Ibs) | Weight (kg) Per 70 kg Meal Size (02)
200 90.7 1.30 104
150 68.0 0.97 7.8
100 45.4 0.65 5.2
50 22.7 0.32 2.6
25 11.3 0.16 1.3
20 9.1 0.13 1.0
a = Based on an 8-ounce meal for a 70 kg adult.

Ibs = ponds kg = kilograms

Cancer was not chosen as the endpoint with which to calculate meal limits. The data supporting
the potential for PCBs to cause cancer in humans at the levels associated with environmental
exposure is not clear while the non-cancer endpoints are well documented, particularly with
respect to developmental effects in humans. Depending upon the target cancer risk chosen, the
meal limits would be either more or less stringent if cancer was chosen as the endpoint of
concern. The cancer risk associated with the allowable limits given in Table 7 can be estimated
at 2 cancers per 100,000 persons exposed over a lifetime.? Cancer risk estimates using the PCB-
TEQ approach could yield higher risks. EPA’s guidance on fish advisories suggests the use of a
target cancer risk of 1 cancer per 100,000 persons exposed.*

PCB exposure from fish consumption can be significantly reduced through preparation and
cooking. Reduction of PCBs in the fish meal varies considerably by species and type of
preparation. An average reduction of 30 percent was estimated for fat-trimmed, fillet meals of
Great Lakes fish.*? The Great Lakes Advisory Task Force previously used 50% reduction factor
when calculating meal limits.** In considering the uncertainty discussed above, no reduction
factor was employed in calculating the meal limits in Table 7. This fact could add up to a 2-fold
margin of safety with respect to PCB exposure from Spokane River fish meals.

9 This cancer risk was calculated by assuming a daily dose at the MRL of 0.00002 mg/kg-day for a duration of 30
years averaged over a 70 year lifetime. This gives a lifetime-average daily dose of 8.6E-6 mg/kg-day that can be
multiplied by the Aroclor cancer potency factor of 2.0 per mg/kg-day to give a risk of 1.7E-05.
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Conclusions

Exposure to polychlorinated biphenyls (PCBs) through ingestion of Spokane River fish caught
between the Washington/ldaho border and Nine Mile Dam represents a public health hazard for
persons who eat fish beyond the limits provided below (see Recommendations/Public Health
Action Plan).®

4 The potential for adverse health effects to result from eating Spokane River fish
depends on several factors such as amount of fish consumed and fishing location.

The developing fetus is particularly susceptible to PCB toxicity. Both animal and human studies
have demonstrated that children exposed in the womb to PCBs have learning problems during
childhood years. Animal studies show that the immune system is another sensitive toxic endpoint
of PCB exposure. Although high doses of PCBs can cause liver cancer in animals, PCB exposure
has not been clearly linked to cancer in humans. Some evidence indicates a potential link
between PCB exposure and non-Hodgkin’s lymphoma and breast cancer.

Fish is a nutritious food and an excellent source of low-fat protein. Regular consumption of fish
has been associated with a reduced risk of heart disease. The American Heart Association
recommends two servings of fish per week as part of a healthy diet.

Levels of PCBs in fish found in the Spokane River from the Idaho State border to Seven Mile
Bridge are higher then state averages. More sampling data from the Spokane River and other
freshwater bodies throughout the state would be useful to better estimate background
concentrations.

A recent local fish consumption survey indicates that most of the fishing in the Spokane River
occurs between the Monroe Street Bridge and the Spokane Arm of Lake Roosevelt. Existing data
indicate that PCB levels in fish from Long Lake are lower than those found in the upper portion
of the Spokane River from Seven Mile Bridge to the state line. Insufficient data exists with
which to characterize the health risks associated with consumption of PCBs in fish caught below
Nine Mile Dam. Sport fishers should follow existing advisories for fish consumed from these
lakes until further notice.

Future sampling of the Spokane River from Upriver Dam to the Washington/Idaho border needs
to include more samples per location in order to better delineate areas of concern within this
section of the river. In addition, areas of the river below Seven Mile Bridge (e.g., Long Lake)
should be considered for sampling.

¢ The draft version of this document prompted a fish consumption advisory for the Spokane River that is available at
http://www.doh.wa.gov/ehp/oehas/EHA_fish_adv.htm.
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Recommendations/Public Health Action Plan

1. No one should eat rainbow trout or mountain whitefish caught between the Upriver Dam and
the ldaho/Washington border.

¢ Levels of PCBs found in rainbow trout at Plante Ferry Park were high compared to
other locations sampled. Although no mountain whitefish samples were collected at
Plante Ferry Park, the relatively high PCB levels found in whitefish below Upriver
Dam indicate that this species does bioaccumulate PCBs to a significant extent.
Historical sources of PCB discharge to the river and elevated levels of PCBs in
sediment are known to exist above Upriver Dam.

¢ PCB levels in rainbow trout caught at the state line are considerably lower than those
near Plante Ferry Park. However, sampling is limited and the potential for migration
of fish upstream from Plante Ferry suggests caution. Further sampling between Plante
Ferry and the state line is needed to better estimate PCB levels in fish from this
stretch of the river.

2. Consumption of rainbow trout and mountain whitefish caught between Upriver Dam and
Nine Mile Dam should be limited to one meal per month and one meal every other month,
respectively.

3. Consumption of large scale suckers caught between the Idaho/Washington border and Nine
Mile Dam should be limited to one meal per month.

4. Existing advisories for this stretch of the Spokane River should be updated to reflect these
new recommendations.

¢ The new advisory should be posted at popular fishing spots along the Spokane River
from the Idaho border to Nine Mile Dam.

5. The implementation of a systematic monitoring program is advised. Future sampling should
include the same locations used in 1999 in order to determine whether existing consumption
advisories need to be updated. An additional sampling location should be added between
Plante Ferry Park and the Idaho border in order to better define PCB levels in fish above
Upriver Dam.

¢ Sampling plans should be reviewed by DOH to ensure their adequacy for health
assessment purposes.

¢ Congener specific analysis is recommended for at least one more sampling round.
This analysis should include all 12 dioxin-like PCB congeners for which TEF values
are currently available. Improved detection limits are required to provide adequate
PCB-TEQ data for health assessment purposes.

6. Fish species commonly caught and eaten from Long Lake should be sampled and analyzed
for PCBs.
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¢ Local anglers indicate that areas below Seven Mile Bridge are the most popular
fishing locations on the river. Although initial sampling indicates that PCB levels
are lower in Long Lake fish, more sampling is necessary to adequately characterize
exposure.

¢ Sampling plans should be reviewed by DOH to ensure their adequacy for health
assessment purposes.

7. This consumption limits derived in this consultation should be re-examined pending new
sampling and/or toxicological data.

Preparer of Report
Robert Duff

Office of Environmental Health Assessments
Washington State Department of Health

15



Appendix A: Figures
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Figure 1. Sampling sites and areas of concern in the Spokane River based on polychlorinated
biphenyl (PCB) contamination of fish.
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Appendix B: Calculation of Health Risk Estimates

The human health risks associated with exposure to PCBs in Spokane River fish were evaluated
for both cancer and non-cancer endpoints using the equations below and the exposure parameters

provided in Table B1.

Dosenon-cancer (mg/kg-day) = C X CFl X IR X CFz X EF X ED Equatlon Bl
BW X ATnon-cancer
Dosecancer (mg/kg-day) = C X CFl X IR X CFZ X EF X ED .
BW x AT cancer Equation B2
Hazard Quotient = D0S€non-cancer i
————=hon-cancer Equation B3
MRL q
Cancer Risk = Dosecancer X Cancer Potency Factor Equation B4
Table B1. Exposure Assumptions
Parameter | value | Unit | Comments
Concentrat.ion (©) - Ayerage See Table B2 | ppb (ug/kg) Mean - | |
Concentration (C) - High-end 95 UCL (fillet), maximum (whole fish)
: C ts PCB tration fi i t
Conversion Factor; (CFy) 0.001 mg/ug m(i)lrl]i\ger;rsns (mgc)oncen ration from micrograms (ug) to
Ingestion Rate (IR) - Average 42 /d DOH Lake Roosevelt (Reference 11) and Spokane
Ingestion Rate (IR) - High-end 90 giaay Tribe Creel Studies (Reference 12).
Conversion Factor, (CF,) 0.001 kg/g Converts mass of fish from grams (g) to kilograms (kg)
Assumes daily exposure consistent with units of
Exposure Frequency (EF) 365 days/year ingestion rate given in g/day.
Exposure Duration (ED) 30 years High-end estimate of residence time.
Body Weight (BW) 70 kg Adult mean body weight
Averaging Timenon-cancer (AT) 10950 days 30 years
Averaging Timegaeer (AT) 25550 days 70 years
Minimal Risk Level (MRL) 0.00002 mg/kg/day | Based on Aroclor-1254 from Reference 2.
Cancer Potency Factor 2 mg/kg-day'l gziggegrcwe,ﬁgclor-nm and 1260 as described in

Table B2 below gives summary statistics for PCB levels in Spokane River fish. Mean
concentrations shown for each sample subset were used with the average fish ingestion rate to
generate risk estimates for the average consumer. High-end risk estimates for fillets were
calculated using 95 percent upper-confidence limits on the mean. However, the small sample
sizes for whole fish precluded calculating upper-confidence limits on the mean. High-end risk for
whole fish was, therefore, estimated using either the 95" percentile or the maximum value
detected. Table B3 and B4 provide the PCB cancer and non-cancer risk estimates.

The statistical method used to calculate the 95% upper confidence levels of the mean is referred
to as the bootstrap. This is a nonparametric method that can be calculated for observations from
any statistical distribution. It does not require you to have any prior knowledge about the type or
shape of the distribution. The bootstrap, because it does not require any knowledge about the
distribution, is a very versatile method. The statistical concepts it relies upon are that the
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distribution of the data are an estimate of the underlying distribution from which the observations
are a random sample; and, if we draw samples from this approximate distribution and compute a
statistic then by the central limit theorem the distribution of these statistics will be approximately
normal. In our case the statistic we are computing from the data is the sample mean and we have
drawn samples from the approximate distribution so that we could calculate 3,000 estimates of
the mean. From these 3,000 estimates, we estimated the 95th percentile of the distribution, thus
finding the 95% upper confidence limit of the mean. The particular software package used for
this computation was S-Plus 2000. The bootstrap computation in this package also performs a
correction for any bias in the statistic to improve the estimate of the upper confidence limit."

Table B2. Summary statistics for PCBs detected in Spokane River fish caught at all locations
between the Washington/ldaho state line and Seven Mile Bridge (ppb, wet weight)

Number of Standard
Sample Samples Mean Deviation | 95th UCL | Maximum
Fillets
Rainbow trout 22 321 456 545 1610
Large scale suckers 20 147 106 193 429
Mountain whitefish 10 491 500 943 1880
All 52 287 387 396 1880
Whole Fish
Rainbow trout 4 354 292 696 ° 755
Large scale suckers 4 382 239 645 680
Mountain whitefish 2 664 377 NA 930
All 10 427 281 581 930
a = Represents the 95" percentile. NA = Not applicable.

Table B3. PCB dose/MRL ratios for recreational consumers of Spokane River fish fillets caught
between the Washington/Idaho state line and Seven Mile Bridge *

Greene | Seven Mile All
Stateline | Plante Ferry | Street bridge Locations
Sample Average| High-end | Average |High-end Average| High-end Average| High-end Averagel High-end
Fillets
Rainbow trout 3 8 26 84 7 20 4 15 10 35
Large scale suckers 3 15 4 12 6 20 4 13 4 12
Mountain whitefish | NA NA NA NA 10 26 19 84 15 61
Whole Fish
Rainbow trout 2 5 23 49 11 23 7 14 11 45
Large scale suckers 4 8 9 18 13 29 20 44 11 41
Mountain whitefish [ NA NA NA NA 12 26 28 60 20 60

a = The exposure dose divided by the MRL is also known as the hazard quotient. Any result above
one indicates that the MRL is exceeded. MRL = minimal risk level = 0.00002 mg/kg/day.

" Further description of these methods can be found in B. Efron and R.J. Tibshirani, An Introduction to the
Bootstrap, Chapman and Hall, New York, 1993 and S.R. Millard and N.K. Neerchal Environmental Statistics with
S-Plus, CRC Press, New York, 2001.
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Table B4. PCB cancer risks for recreational consumers of Spokane River fish fillets caught
between the Washington/ldaho state line and Seven Mile Bridge

Species/ _ Greene Seve_n Mile .
sample Type Statell'ne Plante Ferry | Street brldge All Locations
Average | High-end | Average [High-end| Average [High-end| Average [High-end | Average | High-end
Fillets

Rainbow trout 6E-5 1E-4 5E-4 1E-3 | 1E-4 | 4E-4 | 7E-5 | 3E-4 | 2E-4 5E-4

Large scale suckers | 5E-5 | 3E-4 8E-5 2E-4 | 1E-4 | 4E-4 | 8E-5 | 2E-4 | 8E-5 2E-4

Mountain whitefish NA NA NA NA | 2E-4 | 4E-4 | 3E-4 | 1E-3 | 3E-4 1E-3

Whole Fish

Rainbow trout 4E-5 9E-5 4E-4 8E-4 | 2E-4 | 4E-4 | 1E-4 | 2E-4 | 2E-4 8E-4

Large scale suckers | 6E-5 | 1E-4 2E-4 | 3E-4 | 2E-4 | bE-4 | 4E-4 | 8E-4 | 2E-4 | TE-4

Mountain whitefish NA NA NA NA | 2E-4 | 4E-4 | 5E-4 | 1E-3 | 3E-4 1E-3

Concentration Benchmarks

Concentration Benchmark (ppb) = BW X AT non-cancer X MRL
IRXCFy xCF, x ED X EF

Table B5 provides PCB concentrations in fish that correspond to one allowable meal per week
and one allowable meal per year. These concentrations were calculated using Equation B5 in

conjunction with the exposure assumptions given in Table B2 and ATSDR's MRL as the target
dose.. .

Equation B5

Table B5. PCB concentrations in fish that correspond to the allowable intakes (ppb).

Allowable 80z. PCB Level
Fish Meals per Year (ppb)
52 43
12 184
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Appendix C: PCB-TEQ Analysis

The values given in Table C1 below represent the sum of individual TEQs calculated for 8
dioxin-like congeners. Four congeners for which TEF values exist were not included in the
analyses. Although this omission could lead to an underestimation of the overall PCB-TEQ), the
analysis did include the most toxic of the dioxin-like congeners, PCB-126. In other analyses,
PCB-126, where present, accounted for over 95% of the total congener risk.”> It is, therefore,
unlikely that PCB-TEQ values are greatly underestimated by not having analyzed for all of the
dioxin-like congeners. In addition, the analytical methods used for the congener specific analyses
gave high detection limits compared with other methods. Since non-detects were included in the
calculation of PCB-TEQs using one-half the detection limit, PCB-TEQ values may actually be
overestimated.

Table C1. PCB-TEQ results for 1999 Spokane River fish samples (ppb, wet weight)

PCB-TEQs
Location Species Tissue Samples Mean
Plante Ferry Park Large scale Sucker VI\:/irI]IOeIf é 882;
River mile 85
( ) Rainbow Trout*® VI\:/iT:)el'ce é 8(1)8
(S:\fsp;ﬁtﬁ;) Mountain Whitefish | Fillet 3 0.10

a = Wild rainbow trout

The PCB-TEQ values given in Table C1 were based on analyses with high detection limits and
low percent detections for some congeners. The most common procedure when dealing with
such data is to assign the non-detect samples a concentration of one-half the detection limit. The
handling of detection limits can have significant effect on the final calculation of the PCB-TEQ
concentration term. This fact is illustrated below in Table C2 that shows up to a 20-fold
difference between PCB-TEQ values using the full detection limit value versus setting non-
detects at zero. These differences are due in large part to the low detection frequencies and high
TEF values associated with congeners PCB-126 (23%, TEF = 0.1) and PCB-169 (18%, TEF =
0.01).

Table C2. Impact of detection limits on PCB-TEQ values (ppb, wt weight)

Detection | Detection | Detection

Species (fillets) Limitx1 | Limitx 05| Limitx0
Rainbow trout 0.32 0.19 0.06
Large scale suckers 0.12 0.065 0.006
Mountain whitefish 0.17 0.1 0.031

NOTE: No significant impact of detection limit treatment for Aroclor values
is expected as very few non-detect results were reported.

It is also useful to note that the three samples in which PCB-126 was detected, all were qualified
as estimates since the results were below the practical quantitation limit of the analytical method.
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Since PCB-126 has the highest TEF value, inaccuracies in quantifying this congener will have a
significant impact on the overall PCB-TEQ estimate. Table C3 below indicates that congener
PCB-126 accounts for 69 to 85 percent of the overall PCB-TEQ value depending upon the fish

species.

Table C3. PCB-TEQ values with and without congener PCB-126 (ppb, wt weight)

Including | Excluding

Species (fillets) PCB-126 | PCB-126
Rainbow trout 0.19 0.032
Large scale suckers 0.065 0.0095
Mountain whitefish 0.1 0.031

a = Non-detects set at half the detection limit.

In light of the limited samples and concerns discussed above, the PCB-TEQ data was not used to
generate cancer risk values. A more sensitive quantitation limit is needed to yield more reliable
PCB-TEQs. Although quantitative risk estimates have not been calculated, risks based on dioxin
TEQs are potentially significant. It would be highly desirable to have better data on PCB
congener levels in Spokane River fish, particularly PCB congener 126.
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Appendix D: Evaluating Ingestion Rates for Spokane River Fish Consumers

Estimating ingestion rates is perhaps the most important factor associated with the evaluation of
health risk from eating contaminated fish. The differences between fish ingestion rates among
the various populations consuming Spokane River fish highlight the need for careful analysis and
selection of this important exposure parameter. Recreational anglers were selected as the primary
population of concern due to the lack of significant tribal fishing and poor quantification of fish
consumption by other populations that fish the river. The available data relevant to consumption
of fish from the Spokane River is discussed below.

Lake Roosevelt Recreational/Licensed Anglers

A survey of Lake Roosevelt anglers evaluated the percentage of individuals consuming specific
numbers of fish meals per year. The consumption rate per meal in this population was 2.6 fillets
and the average trout fillet size was 123 grams for a meal size of 11.3 ounces.™ This meal size is
higher than the usual assumption of eight ounces. EPA recommends a mean and 95" percentile
fish meal size of 129 grams (4.6 ounces) and 326 grams (11.5 ounces), respectively.

The number of meals eaten per year was broken down into incremental categories. The lowest
two ingestion rate categories (‘less than 12 meals/year’ and ‘12-24 meals/year’) included 54% of
all respondents. It would be plausible then to use 24 meals per year as an approximate average
measure. However, since the lowest category, ‘less than 12 meals/year’, may have included non-
fish consumers, the next category (‘24-48 meals per year’) was used as the basis for a average
estimate of 48 meals/year. A high-end estimate of 103.2 meals/year was also selected. Seventy-
two percent of all individuals consume 48 or less fish meals per year while ninety-two percent
consume less than 103.2 meals per year. Assuming 2.6 fillets per meal and a fillet weight of 123
grams, average and high-end daily ingestion rates for licensed recreational anglers are 42 and
90 grams per day, respectively. EPA currently recommends a mean and 95™ percentile ingestion
rate of 8 and 25 g/day, respectively, for recreational anglers consuming freshwater fish.**

Native Americans

Though no studies of Native Americans fishing the Spokane River are available, the Columbia
River Intertribal Fish Commission (CRITFC) examined Native American fish consumption rates
for tribes fishing the Columbia River Basin.*® The CRITFC study was selected as the most
applicable study for developing a Spokane River fish consumption rate for adults. The median
consumption rate, derived by linear interpolation, is 39.2 grams per day. EPA suggests a mean
and 95" percentile consumption rate of 70 and 170 grams per day for subsistence Native
American consumers.* The EPA recommended 95" percentile is in good agreement with the
95™ percentile derived from the CRITFC study.

Local Fish Consumption Survey

Information on fish collection and consumption along the Spokane River is available from a
1998 fish consumption survey that was conducted by the SRHD Assessment/Epidemiology
Center (SRHD 1998). Populations surveyed in this study included: fishing license holders that
rely on the Spokane River for fishing (627 respondents), the Walleye Club (56 respondents), and
two ethnic population groups that use the river as a food source (Russian, and Laotian).
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To collect information on the Russian and Laotian communities, SRHD hired members of the
Russian and Laotian communities to serve as interpreters, translate surveys, and coordinate
survey distribution. The response rate for the surveys was minimal and therefore the information
obtained from the surveys was inconclusive. Therefore, information was obtained from focus
groups. While six people participated in a focus group of the Laotian community, approximately
30 members from the Russian community participated in a similar focus group.

The information obtained from these groups is discussed below. Fish ingestion rates are derived
for most of these groups but should be viewed with caution.

> Fishing license holders

Information on fishing license holders was collected through a survey that was sent through the
mail. Of the respondents, 39.4% indicated that they fish the river. The most common fishing
locations were identified as the Spokane Arm of Lake Roosevelt to the Seven Mile Bridge
(42.1%), and Long Lake (35.2%). As many respondents did not complete the full survey,
information on fish consumption rates for this population is inconclusive. Of the 70 respondents
who did complete this portion of the survey, approximately 70% of them reported eating 1-20
fish per year. The most popular types of fish caught and kept by fish license holders include
walleye, perch and rainbow trout. None of the fish license holders reported keeping any suckers.
The majority of this population (91.1%) eats either skinned fillets or gutted fish. The survey
identified a 50™ percentile number of fish consumed for licensed anglers. This value is 11.12 fish
per year. Assuming that the average fillet size is 123 grams (as used in the cadmium and zinc
analysis), the yearly consumption rate is 2,735 grams per year. The daily consumption rate is
therefore 7.5 grams per day for the licensed angler.

> Walleye Club Members

A focus group was held with approximately 20 Walleye Club members to collect general
information regarding river usage. Surveys were then sent by mail to 180 members of the
Walleye Club. Fifty-six completed surveys were received and of the respondents, 40 persons
(71.4%) indicated that they fish the river. Like the license holders, the most common fishing
locations were identified as the Spokane Arm of Lake Roosevelt to the Seven Mile Bridge
(82.5%). Fish consumption rates were not provided for this population. The most popular type of
fish caught and kept by the Walleye club members include walleye and rainbow trout. Like the
fish license holders, none of the Walleye Club members reported keeping any suckers. Of the
Walleye Club members, 80% eat fillets only and 15% eat whole gutted fish. No ingestion rates
were estimated for this group.

> Russian Community

For the Russian community, fishing information was obtained at a focus group. Participants in
this group reported fishing at sites within the Spokane city limits, at locations nearest to Greene
Street and Plante Ferry Park. The focus group indicated that the Russian community eats fish
from the river an average of “one time in two weeks or about four pounds in a month.” The “four
pounds in a month” quote implies that two pounds of fish (900 grams) are consumed per meal,
on average, by the population. This value is extremely high compared to other populations
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studied and results in an estimated consumption rate of 59.7 grams per day. The frequency rate
of “one time in two weeks” is, however, similar to a value established by ATSDR in 1989 (less
than one fish meal per week) (ATSDR 1989).

Many types of fish, as well as crayfish, are caught and consumed by the Russian community.
These fish include rainbow trout, crayfish and large-scale suckers. Fish preparation methods in
this community include preparing cutlets (ground fish cakes) by grinding fish after removal of
the head and spine. These cutlets may therefore include tiny bones. Russian Community
members also pickle and dry fish.

> Laotian community

Discussions with the six members of the Laotian community revealed that they fished primarily
downstream from Seven Mile Bridge. These Laotian community members suggested that two to
three meals of Spokane River fish are consumed per month, and that with the smaller fish, such
as catfish, two fish are consumed per meal. Assuming three meals per month at 2.6 fillets per
meal with a fillet weight of 123 grams, an estimated consumption rate of 31.5 grams per day is
derived.

As trout are difficult to catch, the interviewees indicated that few trout are consumed. Fish
consumed by the Laotians include rainbow trout, perch, bass, and walleye. Crayfish are also
consumed. Suckers are not consumed by this group and are instead used for bait. Fish
preparation methods were not described in the survey.

Summary

Table D1 provides a summary of the estimated fish consumption rates presented above. There is
no evidence that subsistence fishing is practiced on the stretch of river between Seven Mile
Bridge and the state line. Therefore, the CRITFC data was not considered to be appropriate for
derivation of fish consumption rates for Spokane River anglers. The data obtained from the
SRHD survey of Spokane River anglers does represent the specific populations of concern but
suffered from poor response rates and was not suitable for derivation of a high-end estimate.
Further, the rates estimated for the Russian and Laotian communities may not be representative
since they were based on relatively small focus groups. The Lake Roosevelt study provides the
best data for anglers in the Spokane area. The average and high-end consumption estimates are
similar to or higher than estimates presented for other populations except subsistence eaters,
which were not identified on the river.
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Table D1. Comparison of various fish consumption rates

. Fish Consumption (grams per day)
Population Average [ High-end Source
Native Americans (subsistence) * 70 170 EPA/CRITFC
Recreational Angler 7.5 NA SRHD
Recreational Anglers 8 25 EPA

Recreational Anglers 42 90 Lake Roosevelt
Laotian Anglers 31.5 NA SRHD
Russian Anglers” 59.7 NA SRHD

a = EPA Exposure factors Handbook. These numbers are based in large part on the CRITFC study.
However, a better central tendency estimate of the CRTFIC data is the median of 39.2 grams per day

b = The ingestion rates calculated from the local survey conducted by SRHD for these ethnic populations
were obtained from very small focus groups.
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Appendix E: Background Concentrations of PCBs in Fish

PCBs are ubiquitous environmental contaminants. Environmental processes have resulted in the
distribution of PCBs into regions lacking direct PCB inputs. Consequently, it is necessary to
discuss “background” concentrations of PCBs in fish tissue.

Factors to Consider in Assessing Background PCB Fish Tissue Concentrations

There are a number of factors to consider in evaluating background PCB concentrations in fish
tissue. When characterizing such concentrations in relationship to human health concerns,
preparation of samples for PCB analysis should reflect consumption habits of the exposed
population. If only fillets are consumed, then PCB concentrations in fillets should be used to
characterize background. Conversely, if only whole fish are consumed, then PCB concentrations
in whole fish should be used to characterize background. Background PCB levels should be
characterized by species because PCBs accumulate to differing degrees among species. Care
should also be taken to ensure that sampling locations represent true background and are not
impacted by any PCB sources. In addition, use of recent data is desirable because PCBs degrade
in fish and other environmental media over time.

Analytical chemistry is also a factor in evaluating PCB background concentrations. Background
concentrations should be in units of wet weight, as these are appropriate for assessment of human
exposure. The limit of detection for some of the sampling discussed below is 50 ppb. Since
background Aroclor concentrations can be less than this value, detections limit should be below
50 ppb.

Ecology’s Environmental Assessment Program has obtained Washington State data using more
sensitive techniques.*’ The statistic to use in characterizing Aroclor concentrations should be the
arithmetic mean, as the mean reflects the exposure experienced by individuals taking fish from
the affected resource. However, calculation of the mean is complicated by the use of composite
samples and samples with concentrations below the limit of detection. Finally, temporal trends
should be considered. It has been observed that Aroclor concentrations in fish tissue may
decrease with time.

Data Sources for Background Aroclor Concentrations

Limited data are available to characterize background concentrations of PCBs. Most data are
available for Aroclors rather than individual congeners. Congener data are necessary to evaluate
dioxin-like PCB toxicity. Possible data sources for evaluating Aroclor tissue background
concentrations include: state-wide data from Washington, data from the Northern Rockies
Intermontaine Basin (NRIB), data from the Flathead River/Lake region in Montana and data
from background sites included in EPA’s “National Study of Chemical Residues in Fish”.

Ecology’s Environmental Assessment Program assembled data on Aroclor concentrations in
freshwater fish thought to come from waters without appreciable direct Aroclor sources. 44
These data are given below in Table E1 and support an Aroclor background level that is less than
50 ppb.
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Table E1. Total Aroclor concentrations for background samples
in Washington State (ppb, wet weight)

Total | Average

Year| Location Species Tissue| n | Aroclors |by Species Reference
1999 Ward Lake Cut throat trout Fillet | 2 13.3 13.3 Serdar, 1999 ?
1998 | Lake Whatcom Kokanee Fillet |7-8 9.5 Serdar et al., 1999 °
1998 | Lake Whatcom Kokanee Fillet |7-8 7.6 10.5 Serdar et al., 1999
1999 Ward Lake Kokanee Fillet | 5 16.4 Serdar, 1999
1999 Ward Lake Large mouth bass | Fillet | 8 19.1 19.1 Serdar, 1999
1998 | Lake Whatcom | Long nose suckers | Whole | 7 9.5 9.5 Serdar et al., 1999
1997 | Douglas Creek Rainbow trout Fillet | 5 19° Johnson, 1998 °
1999 Elwha River Rainbow trout Fillet | 6 17.6 Serdar, 1999
1999 Elwha River Rainbow trout Fillet | 6 8.8 13.3 Serdar, 1999
1999 Elwha River Rainbow trout Fillet | 6 13.0 Serdar, 1999
1999 Ward Lake Rainbow trout Fillet | 4 13.6 Serdar, 1999
1998 | Lake Whatcom Sculpin Whole | 7 36 36 Serdar et al., 1999
1998 | Lake Whatcom | Small mouth bass | Fillet | 8 3.4 6.2 Serdar et al., 1999
1998 | Lake Whatcom | Small mouth bass | Fillet | 8 9.0 ' Serdar et al., 1999

a = Reference 54
d = Some samples were below detection.

b = Reference 55

¢ = Reference 56

Fish tissue Aroclor data from NRIB sampling locations not impacted by direct sources of PCBs
were selected on the basis of best professional judgment. > These data are listed below in Table
E2 and yield an overall average for all fish species of 76 ppb. Computation of these averages is
qualitative, as the number of fish in each composite was not known at the time this draft memo
was prepared.

Table E2. Northern Rockies Intermontaine Basin (NRIB) background Aroclor

fish tissue concentrations (ppb, wet weight)

Average by
Species Date Concentration Species
Cutthroat trout 19980707 50 50
19990901 50
19980708 50
19980812 50
19980812 120
Large scale suckers 10980812 50 82
19980818 160
19980910 62
19980616 150
Mountain whitefish 19980721 50 83.3
19980811 50

a = Reference 49.

NOTE: Composite samples of 5-10 whole fish.

The United Sates Geological Survey (USGS) examined data from the Flathead River that may
also be considered in setting background levels and is given in Table E3.°*°*%% Glacier
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National Park is the source for water entering the Flathead Lake/River system. It is thought that
such water would be relatively free of contaminants. However, appreciable Aroclor levels were
found. USGS suggested that atmospheric deposition might be the source of Aroclor
contamination. The total Aroclor values for the Flathead River are higher than those observed
elsewhere. The State of Montana collected data for Flathead Lake that is consistent with values
seen in the Flathead River. *° It is interesting to note that whitefish from Flathead Lake had
undetectable Aroclor levels whereas lake trout had much higher Aroclor concentrations. These
data are given in Table E4.

Table E3. Aroclor concentrations in Flathead River fish (ppb, wet weight)

Total Aroclor- | Aroclor- | Aroclor-

Year Species Aroclor 1254 1260 1248
1976 Long nose suckers 200 200

Northern pike Minnow 700 500 200
1978 Long nose suc!<ers 100 100

Northern pike minnow 640 440 100 100
1980 Large scale suckers 100 100

Northern pike minnow 400 300 100
1984 Large scale suckers 100 100

Mountain whitefish 100 100
a = Reference 50. NOTE: All samples were whole body, individual fish)

Table E4. Aroclor levels in Flathead Lake fish (ppb, wet weight) ?

|  Species | Sizerange(in.) | n | Concentration |
Lake trout 18-21.6 10 ND
21.7-26.7 5 80
27.6-31.1 7 120
31.4-32.2 6 200
32.1-34.3 5 220
34.5-35.2 3 420
36.5 1 940
37-38.8 1 41
Lake whitefish 11.4-14.1 9 ND
15.2-17.7 15 ND
17.9-18.9 9 ND
a = Reference 54. ND = Not detected.

EPA’s "National Study of Chemical Residues in Fish,” contains data from fish tissue samples
taken in 1987 from twenty “background” sites across the U.S. Sites were selected as minimally
impacted by direct sources of contamination based on the best professional judgment of EPA
regional staff. The average total Aroclor concentration for samples from background sites was
46.9 ppb with a standard deviation of 108 ppb. >"®

Summary

A background range of 13 - 83 ppb PCBs (Aroclor) in Washington State fish can be extracted
from the data discussed above. Data collected by Ecology from western Washington water
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bodies provide a species-specific background level for rainbow trout fillets of 13 ppb (see Table
E1). These data are considered a good source from which to derive a background level because
they were recently collected from a relevant species (i.e., a species consumed by anglers), are
derived from fillets, come from true background areas (i.e., no known PCB sources), and are
associated with low detection limits. Comparisons made with this background level should be
restricted to rainbow trout fillets.

Concentration data from Flathead River and Flathead Lake, MT, seem unusually high relative to
other background data. USGS has suggested that atmospheric deposition may be the reason for
these high levels. It would be useful to conduct other analyses on “background” water bodies in
eastern Washington to determine whether or not the Aroclor concentrations are similar to those
found in the Flathead River/Lake system.
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